The prevalence of anemia among London infants is shown by an investigation extending over the last three years and comprising about 770 cases with 3,100 hemoglobin estimations. This anemia is largely nutritional in origin and is due to a deficiency of iron, possibly associated with other factors. It is known that an infant obtains its necessary iron not only from its milk, which is poor in iron, but also from a store in the liver. Our results lead us to suppose that this store may be unduly low in many London infants. The average hbemoglobin percentage in the blood of fairly healthy artificially-fed London infants shows a sharp fall from its high level at birth to about 65 per cent. at 2 to 3 months of age, a rise to about 70 per cent. by 5 to 6 months, and then a steady fall reaching about 65 per cent. at 12 months. The continuous administration of iron, beginning when the infant is under 2 months old, raised the average hiemoglobin percentage to 80 per cent. at 4 months of age and onwards. Infants whose birth-weight is under 6 lb., twins and premature infants are specially in need of iron treatment. The selection of the iron salt is of importance, and iron and ammoniuin citrate proved effective. It was satisfactorily administered on a large scale by giving it incorporated in a dried milk.
ABSTRACT.-The prevalence of anemia among London infants is shown by an investigation extending over the last three years and comprising about 770 cases with 3,100 hemoglobin estimations. This anemia is largely nutritional in origin and is due to a deficiency of iron, possibly associated with other factors. It is known that an infant obtains its necessary iron not only from its milk, which is poor in iron, but also from a store in the liver. Our results lead us to suppose that this store may be unduly low in many London infants. The average hbemoglobin percentage in the blood of fairly healthy artificially-fed London infants shows a sharp fall from its high level at birth to about 65 per cent. at 2 to 3 months of age, a rise to about 70 per cent. by 5 to 6 months, and then a steady fall reaching about 65 per cent. at 12 months. The continuous administration of iron, beginning when the infant is under 2 months old, raised the average hiemoglobin percentage to 80 per cent. at 4 months of age and onwards. Infants whose birth-weight is under 6 lb., twins and premature infants are specially in need of iron treatment. The selection of the iron salt is of importance, and iron and ammoniuin citrate proved effective. It was satisfactorily administered on a large scale by giving it incorporated in a dried milk.
No evidence was obtained that want of light is an etiological factor in anemia in infancy, and artificial light therapy did not cure it. No vitamin deficiency appeared to be involved. The value of liver treatinent is still under investigation, but the results so far obtained can be explained on the assumption that liver treatment is efficacious only because it provides a source of iron. The routine administration of an iron salt to artificially-fed infants is advocated on the ground that, by preventing the anEemia from which most of them would otherwise suffer, the level of health of our infant population would be raised. ANAEMIA in babies is so common in London that I hope an investigation into this condition may be of interest. Judging from our work extending over the last three years and comprising about 770 cases with 3,100 heemoglobin estimations, this anemia is chiefly nutritional in origin and is mainly due to a deficiency of available iron [1].
The Iron Requirements of an Infant.-Webb Hill [2], in an interesting paper, has attempted to estimate the daily iron requirements of a growing baby. He estimates it under two heads: (a) Growth.-For increase in blood volume-and consequent increase in hLemoglobin-with growth, he calculates that an infant half to six months old requires 0-8 mgm., an infant six to twelve months old, 0-4 mgm. of iron daily. If this iron is derived from the diet, another 40 per cent. must be added to allow for incomplete retention.
(b) Metabolism.-The amount required for metabolism apart from growth he places at 1 5 mgm. daily for a 20-lb. infant.
Taking these figures as our basis, let us suppose that a baby weighing 10 lb. requires for metaholism say 0 -7 mgm. (i.e., about half the requirement of a 20-lb. baby), and for increase in blood volume 0-8 mgm., then the total daily requirement would be 1-,5 mgm. If such an infant consumed 1L pints of human milk per diem, the diet, taking Webb Hill's figures, would supply him with perhaps 0-4 mgm., or about one quarter of his daily needs, even if there were 100 per cent. retention. The same quantity of cow's milk, which could seldom be given to so young an infant, would provide, say, 0-12 mgm. The difference between the child's iron requirements and its iron intake in the food should normally be made good by the iron store in the liver at birth. I hope to show that in a large proportion of infants in London, this difference is for some reason not made good, and the infants become anaemic for want of iron.
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The Percentage of Haemoglobin in the Blood of London Infants.-First, I propose to consider the average hamoglobin percentage in the blood of fairly healthy, artificially fed infants in London-infants of the type met with in welfare centres. Chart IA shows the haemoglobin level at each month of age for the first twelre months of life. As will be seen, there is a sharp fall from its high level at birth to ahout 65 per cent. at two to three months of age, a rise to about 70 per cent. at five to six months of age, and then a steady fall through the rest of the first year, reaching about 65 per cent. at twelve months. So far as I have been able to discover, this double drop during the first twelve months of life has not previously been pointed out. These data have, for the most part, been collected in the Out-Patient Department of the Queen's Hospital for Children, the blood estimations being made by Miss Lorel Goodfellow. We are now engaged in collecting similar figures for healthy breast-fed infants attending the Mothers' Hospital, Clapton. The figures we have so far obtained for breast-fed infants may need modification when larger numbers have been collected, but those now available indicate that their haemoglobin level is very near that of the artificially fed group.
Months of Age. 0-l 1-2 2-3 3-4 4-5 5-6 6-7 7-5 8-9 9-0 10-lI 11-12 2-13 13-1414-15 15-16 6-17 17-18 demonstrates the effect of iron treatment on the hwmoglobin level of artificially fed infants, and shows that the average hemoglobin percentage from four months of age and upwards was raised by this means to over 75 per cent. It should be noted that treatment was begun at all ages of infancy, so that this chart does not represent the result of continuous iron administration from the first months of life. The great prevalence of anmmia among London infants is indicated by the large proportion of babies, among an unselected group, who were benefited by iron treatment. Eighty-one per cent. of all artificially fed infants to whom iron was given showed some increase in their hiemoglobin percentage, whereas only 19 per cent. showed no increase. The same facts are also brought out by comparing the number of infants whose hemoglobin reached 80 per cent. in the control group and in the iron groupafter two months of age only 7 per cent. of the untreated cases reached this level, whereas 81 per cent. of those known to be receiving an adequate amount of iron did so. I am personally of the opinion that iron therapy is of value for antemia in children only where there is an actual deficiency of iron for blood regeneration, either because the diet relative to the need is deficient in this respect, or because the tissues are depleted of their normal store. If this be so, then our results show that such a deficiency is extremely prevalent at any rate in London, and judging by their appearance, I do not suppose that babies in other parts of the British Isles are any better off in this respect. The Hmmoglobin Level of Babies in Some Other Countries.-Comparison of our figures with those of investigators in other countries, however, leads one to conclude that certain other countries may have an advantage over us in this connexion. For instance, it would seem that babies in some Danish cities have a m-uch better haemoglobin level. Drucker [3] has published figures for healthy infants in Copenhagen showing that their haemoglobin percentage remained about 80 per cent. from 2 to 12 months old. A curve drawn from his figures is also shown on Chart lc. His estimations were made from a prick in the heel, as was done in our case, so that the higher readings usually obtained from a prick in the ear [1 and 3] do not account for the difference between our figures. It is true that his infants were specially Months of Age. 0-9 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-et 10-1 11l-rS 12-13 3-14 4r 15-16 16 17 1 Our figures are derived from infants who, for the most part, were of normal birth weight. Most babies, other than those suffering from a pyogenic or blood infection, who are found to be profoundly anumic, are either premature infants or small twins. Such infants, as a result of a very small ante-natal store of iron in the liver, invariably suffer from marked iron deficiency. Of course, there are 0 ZIZ many other causes of profound anaemia, but they are relatively uncommon. In all, twenty-seven infants in our series had a haemoglobin percentage of less than 50 per cent; of these nineteen were twins, or were under 6 lb. at birth, four were over 6 lb., and of the remaining four the birth weight was unknown., Any young child, of course, can be rendered profoundly anammic by continuing a milk and polished cereal diet for long after infancy, and although this important fact has been known for many years, it is too frequently forgotten by those giving directions to mothers regarding feeding. I usually aim at getting an infant on to a mixed diet by 8 to 9 months of age.
May I also draw attention to the need of providing a liberal supply of iron for blood regeneration to any infant who, for one reason or another, either as a result of bleeding or infection, has suffered heamoglobin loss and consequent rapid depletion of his iron store. Chart III shows the response to iron treatment obtained in an infant aged 5 months who had lost blood in the first week of life as a result of haemorrhagic disease.
The Technique of Administration of an Iron Salt.-The iron salt used in our work was iron and ammonium citrate, and the best way to administer it on a large scale proved to be the use of a dried milk in which the salt was incorporated before drying. The West Surrey Central Dairy Co. (" Cow & Gate" firm) prepared such a milk at my request, and have now placed it on the market. By this means much more regular administration was ensured than when the salt was ordered as a medicine. Iron and ammonium citrate is well tolerated and has no ill effects on a baby of fair digestive powers if it is carefully used. .The infants in our series have usually had 41 to 9 gr. daily. This quantity, given to an infant unaccustomed to it, may cause loose stools, and it is, therefore, always best begun gradually. When using dried milk containing iron, my usual method has been to abk the mother to give equal parts of ordinary and medicated dried milk for some days before putting the infant entirely on to the medicated milk. If the iron was given as a mixture, the mother was advised to give it in the feeds, beginning with a small dose. I have occasionally given iron to a baby as young as one week old. One need not fear constipation as a result of this treatment-constipation was just as common in our control group as in our iron group.
The particular iron salt selected appears to be a matter of considerable importance, and interestirg work has been done on this subject by Mitchell and Vaugbn [8] . For showing that just as there is a store of iron in the liver at birth, greatly in excess of the percentage present in the adult's liver, so there is a similar store of copper in the liver of calves [11] . Young rats at birth contain nearly double as much copper as adult rats, the copper being estimated per kilo of dried weight. Young guinea pigs, which begin mixed feeding from birth, have no iron store, and, presumably also, from McHargue's results, no copper store [11] . The iron salt we used was found by Professor Hart to contain a very small quantity of copper (1 -7 mgm. per 100 grm.). The dried milk containing iron and ammonium citrate contained per kilo about 0 4 mgm. more copper than the untreated dried milk. We have no evidence to show whether this had any bearing on the results obtained.
Comparison of the hbemoglobin levels in summer and winter, or of cases treated with artificial light and a control series, gave no evidence that light, or the want of it, played a part in the production of this anemia [1] . Both iron cases and controls received a similar diet, with similar quantities of vitamins, so that there is no evidence that any vitamin deficiency was a material factor in the anaemia with which we are dealing. Moreover, I had previously found that anmmia was no more marked in a group of infants in an institution abroad who were on a diet deficient in vitamin D and developed rickets than in a similar group protected from rickets [12] , and in my experience the cure of rickets with cod-liver oil or light treatment does not cure anamia.
The reason for the efficacy of liver treatment in pernicious anaimia has not yet been elucidated, and its value in other forms of anaiemia is still under investigation. The work of Hart and his associates [9] , as well as the recent paper by Whipple and Robscheit Robbins, indicates that the inorganic fraction of liver is potent in some forms of experimental anaemia. As regards the alimentary analmia now under consideration, liver treatment proved effective in the few cases in which I used it, as shown in Chart III. My numbers, however, are not sufficient to enable me to offer an opinion as to whether the rapidity of response is usually greater with liver treatment or with iron and ammonium citrate, but it seems not improbable that liver treatment is efficacious in this form of anaemia only because it provides the necessary iron. A liver extract, potent in pernicious ansemia, gave a negative or doubtful response in two cases after three weeks' administration (Chart IlI), but such an extract is almost free from iron. Liver, or liver extract, coupled with iron medication did not appear to hasten the cure in the few cases in which we tried it, but this requires further investigation.
The response to iron treatment varies greatly according to whether one is dealing with a simple nutritional deficiency or whether there are complicating factors at work.
For example, the presence of an otitis media or of some septic infection introduces another factor, and such cases, as one would expect, do not respond quickly to iron treatment. If such an infection supervene in a baby already suffering from nutritional anaemia, the administration of iron is certainly an important element in treatment, for there is little doubt that resistance to infection is lowered by iron deficiency. Summary of Concltsions.-To sum up the practical results of this investigation, I think you will agree with me that they indicate the wide prevalence of nutritional anumia, the efficacy of iron treatment and the desirability of its prophylactic administration on a large scale to artificially fed infants. I consider iron therapy should be begun in the earliest months of life and continued throughout the first year, and possibly longer. Such treatment is particularly desirable in the case of twins and all premature babies and those whose birth weight is below 6 lb., as all such infants are likely to suffer from iron deficiency in a severe form. Iron and ammonium citrate is an efficient salt, and can be most conveniently given to bottle-fed infants incorporated in dried milk. It should be begun gradually. If the administration of iron to infants in this way becomes as much a routine measure as giving cod-liver oil or fruit juice, our results go to show that it will definitely improve the health of London infants and .increase their resistance to disease.
[The investigations described were undertaken with the help of a British Medical Association Research Scholarship, followed by a grant from the Medical Research Council, both of which the author acknowledges with gratitude.] Discussion.-Dr. F. J. POYNTON (President) said that the paper raised an even wider question than that dealt with by its reader, and that was whether the use of dried foods, now so prevalent, would eventually have some effect on growing children, at present not foreseen. It seemed clear that these foods did not produce gross effects such as scurvy, or -rickets, but thev might reduce the power of resistance to disease later on.
Dr. KINGSTON BARTON said that often iron and ammonium citrate failed, though it was one of the most successful combinations for the treatment of aniemia in children. When a child in this condition did not respond to iron and ammonium citrate, the late Dr. Gee (a recognized authority on children's diseases) used to insist on the great value of reduced iron.
Dr. LESLIE WITTS said that at the London Hospital a study was being carried out on the anemias which occurred in women. Sir George Newman had stated that anemia in women was disappearing. That statement might apply to chlorosis, but he (the speaker) did not think it applied to the aneemia of pregnant womnen. At the London Hospital there had been collected a number of cases of profound anmemia in women at or about childbirth and during lactation. He would be much interested to hear whether Dr. Mackay knew anything of the frequency of anmemia occurring in the mothers of the aniemic children she had described. Dr. Mackay had quoted the investigation of aniemia occurring among sucking-pigs. Pigs were often fed on cotton-seed meal, a food which contained scarcely any iron, and the progeny of sows so fed became very ill three weeks after birth. They could be restored to health by the administration of iron. But by giving iron to the sows, disease in the offspring could be prevented. Some of the mothers studied at the London Hospital were found to have been living on extraordinarily poor diets during their pregnancy; in many cases they ate meat only once a week, and in the interim most of their food consisted of bread-and-jam, tea and some cereals. On such food it was impossible that the mothers should be supplied with a store and a reserve of iron, to enable the infant to embark well on a normal life. Already so many treatments-including the taking of iodine and more vitamins-were recommended to mothers during their pregnancy that he hesitated to add to them; but, whenever an adequate diet could not be afforded, it seemed reasonable to prescribe iron.
Dr. MACKAY (in reply) said that some figures concerning breast-fed babies had also been collected, and though as yet the number of these did not justify any dogmatic statement they gave a curve very similar to that of artificially-fed children. If an extended series should confirm this, then one could not attribute this form of anaemia to the use of dried inilk; some other factor must be at work, and this she believed would very probably prove to be lack of iron in the diet of the mother, as suggested by Dr. Witts. Efforts were being made to get a group of mothers for investigation, so that definite evidence on that point could be obtained. That, however, was far from easy to accomplish. [Dr. COCKAYNE:
Were the children referred to in the paper those attending a welfare centre, or children who were attending some hospital on account of illness ?] The children were, for the most part, attending the Queen's Hospital for Children, to which they were brought in the first instance generally for minor complaints, such as constipation, bronchitis, etc., or for failing lactation in the mother. She kept them under observation in the Out-patient Department for the purpose of making the investigations detailed in the paper. The type of case was therefore that seen at welfare centres. Two Cases of Suprapituitary Tumour (Adamantinoma).-W. G. WYLLIE, M.D.-(I) R. S., girl, aged 10 years, has had headaches-chiefly frontal-and shaking of the hands for twelve months; has also become increasingly fat. Present weight, 75i lb. (normal for age, 64 lb.). No visual complaint, or increase of thirst or of micturition. Circumference of head, 22i in. Obesity is obvious. Fingers tapered, hair thick and silky. Both discs show papillcedema. No evidence of bitemporal hemianopia by rough tests (perimeter charts not done). Child is tremulous in walking and in use of hands. Skiagram of skull shows advanced erosion of sella turcica.
(II) F. H., girl, aged 21 years, has always been fat; was nicknamed "Fatty" at school, but excessive obesity developed at age of 15 years. Present weight is 12 st. 11 lb.
Menstruation began at age of 13; was absent between 15 and 17, has been regular since.
